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Newborn Screening: Complexities in Universal Genetic Testing
| Nancy S. Green, MD, Siobhan M. Dolan, MD, MPH, and Thomas H. Murray, PhDNewbornscreening(NBS)—

in which each newborn in-
fant is screened for up to
50 specific metabolic dis-
orders for early detection
and intervention—is the first
program of populationwide
genetic testing. As a public
health intervention, NBS has
greatly improved the lives
of thousands of affected
children.

New technologies and new
economic and social forces
pose significant ethical and
clinical challenges to NBS.
Two primary challenges con-
cern (1) accommodating clin-
ical and ethical standards to
rapid technological develop-
ments in NBS and (2) pre-
paring public health systems
to respond to the medical
advances and social forces
driving expansion of NBS
programs.

We describe and analyze
these challenges through
consideration of 3 disorders:
phenylketonuria, medium-
chain acyl-CoA dehydroge-
nase deficiency, and cystic
fibrosis. (Am J Public Health.
2006;96:1955–1959. doi:10.
2105/AJPH.2005.070300)

NEWBORN SCREENING (NBS)
is the first and largest example
of systematic, populationwide
genetic testing and has led to
improved lives for thousands of
affected children. Since the
1960s, a blood sample from
virtually every infant born in the
United States each year—roughly
4 million in 2004—is screened
within the first weeks of life for
specific metabolic, endocrine,
and hematologic disorders. NBS
programs are overseen by state
public health departments and
provide early diagnosis and re-
ferral for treatment of primarily
presymptomatic, autosomal re-
cessive diseases.1

These programs began with
the detection of elevated pheny-
lalanine levels in phenylke-
tonuria (PKU) and now screen
for up to 50 disorders.2 Together,
including hearing screening, NBS
may detect an inherited meta-
bolic, endocrine, or hematologic
disorder in as many as 1 in 500
to 1000 newborns in the United
States (Therrell BL, PhD, Na-
tional Newborn Screening and
Genetics Resource Center, writ-
ten communication, January
2004). More efficient technolo-
gies that permit simultaneous
screening for multiple disorders,
referred to as multiplex capabili-
ties, as well as advances in the
understanding of the genetic
basis of disease, increasingly fa-
cilitate screening for many more
disorders.3

Two questions have persisted
throughout the history of NBS:
(1) how do clinical and ethical
standards accommodate the rapid
developments made possible by
new technologies? (2) How well

are public health systems pre-
pared to respond to both the
medical advances and the politi-
cal forces driving expansion of
NBS programs?

Universal newborn genetic
screening has been an enor-
mous public health success. But,
as with many successes, it also
raises a number of significant
ethical and clinical challenges,
particularly with contemporary
proliferation of screenable dis-
orders through new technolo-
gies. The most pressing current
challenges are illustrated by
3 disorders: phenylketonuria
(PKU); medium-chain acyl-CoA
dehydrogenase deficiency
(MCAD); and cystic fibrosis
(CF). Specifically, PKU screening
resulted in questions regarding
how policy is developed, the
technical demands of screening,
the extent of public health re-
sponsibility, and unanticipated
consequences. The use of tan-
dem mass spectrometry (MS/
MS) for metabolic disorders
such as MCAD has led to pres-
sures to expand the list of
screened conditions detectable
by MS/MS and other technolo-
gies, despite considerable uncer-
tainties about the clinical out-
comes of these disorders. NBS
for CF raises issues regarding
fairness in DNA-based screen-
ing in diverse populations, non-
medical benefits, and carrier
identification.

THE 3 DISORDERS

Phenylketonuria
PKU is an autosomal recessive

inborn error of metabolism with
an incidence of approximately

1 in 15000.4 Untreated PKU re-
sults in severe mental retarda-
tion, seizures, and other neuro-
logic problems, usually requiring
eventual institutionalization of
the patient. Adherence to a spe-
cial low-phenylalanine diet be-
ginning in infancy prevents these
devastating consequences. Rob-
ert Guthrie pioneered an early
screening technique in the
1960s,4,5 assay of a dried blood
spot from filter paper, which has
led to population-based screen-
ing for affected newborns with
consequent early diagnosis, re-
ferral, and initiation of dietary
interventions. Currently, PKU
screening in the United States
detects several hundred new
cases per year, cumulatively
sparing thousands of affected
children from severe mental
retardation, as well as saving
private and public resources by
reducing the number of institu-
tionalized PKU patients.4,5

Since the 1960s, the potential
for disease prevention motivated
professional and consumer or-
ganizations to apply legislative
pressure to create NBS programs.
By the 1970s, as a result of those
early advocacy efforts, NBS pro-
grams for PKU screening were
instituted throughout the United
States within state public health
departments.6 Although highly
beneficial, NBS policy was not
necessarily determined by the
best scientific data available dur-
ing that period. For example,
public statements at times grossly
overstated the impact of PKU
disease prevention on the num-
bers of mentally retarded chil-
dren and adults institutionalized
at public expense.7
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aOther disorders may be offered but are either nonmandatory or not implemented.
bCore conditions are 29 disorders recommended by the American College of Medical Genetics 2005 report Newborn Screening: Toward a
Uniform Screening Panel and System.8

Source. National Newborn Screening and Genetics Resource Center.9

FIGURE 1—US newborn screening: mandated and implementeda American College of Medical
Genetics–recommended core conditionsb by state (as of September 2005).

Today, in the absence of na-
tional standards for testing and
follow-up that are based on rigor-
ous scientific review, wide state-
to-state variability still exists in
the disorders screened and re-
sources allocated to programs, as
illustrated in Figure 1, and con-
tinues to be heavily influenced
by local advocacy forces. For
some disorders, commercial and
parental pressures are forcing
their rapid inclusion in NBS with-
out sufficient data or data collec-
tion strategies to fully inform
decisionmaking; this has just oc-
curred in New York for Krabbe’s
disease, a neurodegenerative dis-
order caused by deficiency of
galactocerebroside, leading to the
destruction of the nerve cells’
protective myelin covering.10 Op-
timal allocation of NBS resources
also requires consideration of the
risks and benefits for all, includ-
ing children whose parents may
be less accustomed to advocacy.

The federal government has
only recently begun to provide
the much-needed framework for
the development of specific sci-
ence-driven policies and stan-
dards for modern NBS, most no-
tably through a 2005 report by
the American College of Medical
Genetics, Newborn Screening: To-
ward a Uniform Screening Panel
and System, commissioned by
the Department of Health and
Human Services.8,11 This report
is a significant step forward for
NBS, despite concerns raised by
some experts about its method-
ology, the change in ethical stan-
dards it proposes, and the mem-
bership of the task force.12,13

The report has been endorsed
by the newly created Depart-
ment of Health and Human
Services secretary’s Advisory
Committee on Heritable Dis-
orders and Genetic Diseases
in Newborns and Children
(ACHDGDNC), which is charged

with providing advice, recom-
mendations, and “technical in-
formation to develop policies
and priorities”8 on NBS, as au-
thorized by Title XXVI of the
Children’s Health Act of 2000,
Screening for Heritable Disor-
ders.8,14 The ACHDGDNC is fo-
cused on 3 critical areas for na-
tional and state application:
laboratory standards and proce-
dures; clinical follow-up; and ed-
ucation and training.

Technical dilemmas that arose
during the early years of NBS still
complicate screening for PKU
and other disorders. For example,
minimizing missed cases necessi-
tates sufficient sensitivity of
screening tests but results in high
rates of false positives requiring
significant resources for follow-up
testing. An evaluation of the ac-
curacy of the Guthrie test in sys-
tematic NBS was not published
until 1974, some 10 years after
state programs were initiated, and

the results were unimpressive,
with a sensitivity of 90% and
only 5% specificity.7 NBS clearly
provides substantial benefits for
affected children and their fami-
lies. However, evaluation of the
efficacy of screening, including
sorting out true positives from
false positives, and appropriate
clinical follow-up to prevent ill-
ness or complications, should be,
but still is not, routinely per-
formed.6,11 New technologies
applied to NBS should facilitate
more predictive screening ap-
proaches, for example, the addi-
tion of DNA-based mutation anal-
ysis for genotype–phenotype
correlation.15

The extent and duration of
public responsibility for children
diagnosed by NBS remains con-
troversial. A major problem is
the long-term cost resulting from
NBS beyond programs of sam-
ple collection, assay, and med-
ical referral, for example, the
cost of long-term treatment with
expensive low-phenylalanine
PKU formula. Despite existing
laws defining therapeutic for-
mula as a medical food, children
and adults with PKU confront
reimbursement barriers in both
public and private systems that
compromise adherence to ther-
apy.16,17 Optimal outcomes re-
quire enduring support for the
medical management of individ-
uals identified by NBS; this sup-
port could be given through sta-
ble access to specialty medical
facilities and public or private
third-party payers.

NBS for PKU has allowed a
generation of children to lead
markedly improved lives but has
also created unforeseen conse-
quences. Although affected chil-
dren may be allowed to relax
their dietary restrictions as
adults, pregnancy is a critical
time for affected women to
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adhere strictly to the low-pheny-
lalanine diet. The developing
fetus, even if genotypically un-
affected, faces serious neurologic
consequences if exposed to high
maternal phenylalanine levels in
utero.18 Several children severely
affected by uncontrolled mater-
nal PKU have been reported.18

More concerted efforts by obstet-
rical providers to expand refer-
rals for maternal PKU to meta-
bolic specialists are needed to
ensure that the several thousand
women with PKU who are now
of childbearing age have access
to dietary counseling and the re-
sources necessary to protect the
health of their children.17 Preg-
nancy or other adult conditions
may alter the medical manage-
ment of additional metabolic dis-
orders originally detected by
NBS, requiring renewed medical
attention.

MCAD
MCAD is a disorder of fatty

acid metabolism caused by the
lack of an enzyme required to
convert fat to energy.19 Symp-
toms usually manifest within the
first 3 years of life and can in-
clude vomiting, lethargy, hypo-
glycemia, seizures, coma, apnea,
and even sudden death. Long-
term consequences can include
developmental delay, failure to
thrive, chronic muscle weakness,
cerebral palsy, and behavioral
disabilities. Symptoms of MCAD
usually manifest when an infant
undergoes metabolic stress such
as fasting, fever, or infection.
Treatment consists of steady food
or glucose intake with a reduced-
fat, high-carbohydrate diet that
prevents metabolic crisis. Early
identification and intervention
significantly improve patient out-
comes,20,21 a fundamental justifi-
cation for including MCAD in
NBS panels.

MCAD occurs with an approx-
imate incidence of 1 in 20000.19

The highest frequency of MCAD
mutations is among northern Eu-
ropean Whites, in whom the
most common mutation is the
substitution mutation G985A. In
this population, the carrier fre-
quency of this mutation is 1 in
40 to 1 in 100 and the homozy-
gote frequency is 1 in 6500 to 1
in 20000.19

MCAD is screened by detect-
ing elevated blood levels of oc-
tanoylcarnitine by MS/MS. MS/
MS generates a detailed meta-
bolic profile and is currently used
by about 70% of state NBS pro-
grams for screening for MCAD
and a panel of up to 40 other
metabolic disorders. Some of
these other disorders, however,
have no well-defined medical
treatment.8,22

There is no clear genotype–
phenotype correlation with the
G985A mutation or other
MCAD mutations, and significant
clinical variability exists even
within families.19 Some individu-
als who are homozygous for
MCAD mutations do not mani-
fest symptoms, indicating that the
disease has incomplete pene-
trance. Only through a positive
test result in a newborn do some
families become aware of a diag-
nosis in their older children who
had never had symptoms of the
disease. Inadequate knowledge
about the full clinical spectrum of
MCAD and incomplete prognos-
tic information require balancing
the risk of emotional burden on
the child and family and the cost
of screening and treatment
against the considerable benefits
of potentially lifesaving interven-
tions, along with what may be
important genetic information for
the family.19

Large-scale prospective studies
are needed to ensure that early

detection and treatment improve
outcomes for children with
MCAD and other rare disorders.
Regional or nationwide systems
for prospective diagnosis and
treatment of affected children,
modeled on the well-established
system for children’s cancer, are
1 possibility. This strategy is es-
pecially necessary for other
metabolic disorders about which
much less is known. Many ex-
perts consider data accrual
through NBS programs for the
purpose of research or surveil-
lance to be an appropriate public
health activity. Although a tradi-
tional public health function, sur-
veillance remains controversial
because it may be beyond the
explicit public mandate of NBS,
namely to directly protect the
health of an affected child. Addi-
tionally, the lack of written in-
formed consent in most states’
NBS programs complicates the
attainment of research goals, es-
pecially in the use of bloodspot
samples for research.23 National
policy, such as that determined
by the ACHDGDNC, should
clarify the scope of the public
health mission of NBS in the
context of expanding screening
potential, enhancing genetic ca-
pabilities, and evolving public
demand.

Private screening companies
are becoming increasingly in-
volved in NBS in various capaci-
ties in several states23,24 and
compete with state public health
laboratory services by offering a
pay-for-service NBS for MCAD
and up to 50 additional meta-
bolic disorders, most of which
are detectable by MS/MS, to par-
ents.23 Companies usually report
positive tests to public health au-
thorities and refer the child for
specialty medical care. Such com-
panies should continuously ex-
change relevant information with

the state NBS programs.23,24 Pri-
vatization has reduced state juris-
diction over public health policy
through competitive marketing.
Voluntary parental use of private
screening resources creates 2-
tier, nonuniversal screening, de-
termined by selective parental
knowledge of these options and
ability to pay. On the other hand,
competition from privatization
has, in some cases, sped up the
expansion of otherwise stagnant
state programs. Thus, the grow-
ing impetus toward privatization
has had potent and overall mixed
effects on US NBS policy, intensi-
fying the need for specific federal
NBS guidelines for priorities and
services that are rational, high
quality, and equitable.

Cystic Fibrosis
CF is a disorder in which ab-

normal cationic transport across
cell membranes causes highly
viscous secretions, affecting
many organ systems but prima-
rily the gastrointestinal tract and
lungs.25 Medical treatment in-
cludes replacement of digestive
enzymes and aggressive use of
antibiotics and other medications
for improving lung function.25

Ten states currently screen for
CF as part of standard NBS pro-
grams or as optional pilot screen-
ing.9,26 In most of these states, el-
evated levels of immunoreactive
trypsinogen trigger confirmatory
screening with a DNA mutation
panel of the CF transmembrane
conductance regulator (CFTR)
gene27,28 performed off the
Guthrie card to detect clinically
significant mutations. Infants
with 1 or 2 detected mutations
are referred for diagnostic sweat
testing.

NBS for CF has introduced
widespread DNA-based testing to
NBS. More than 1000 known
mutations affect the CFTR
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gene.25 Most commonly, specific
mutations are detected with se-
quence-specific hybridization
probes for specific mutations.25,28

Different populations have
been shown to carry different
CFTR mutations in differing fre-
quencies. The most common
CFTR mutation is a small dele-
tion called ∆F508. This mutation
accounts for 70% of the CF
mutations in White patients of
northern European descent,
30% of CF mutations in affected
Ashkenazi Jewish patients, and
differing percentages in other
populations.29 Some states use
∆F508 exclusively in their DNA-
based CF screening.26

Because of the different fre-
quencies of ∆F508 and other
mutations among different eth-
nic/racial groups, the detection
rate of DNA mutation testing is
highly dependent on racial and
ethnic background. Notably,
DNA-based screening can detect
specific mutations but cannot
rule out other possible mutations.
Mutations in individuals or com-
munities with uncommon CF
mutations may be missed, and
thus these groups may be less
well served by the current sys-
tem of NBS. Screening for many
more of the known CF gene mu-
tations could help ameliorate
these inequities,15 a goal to be
balanced with the added burden
generated by more false positives
and identification of carriers.

Consensus approval of NBS
for CF has recently occurred,30

largely because of data from the
Wisconsin CF Neonatal Screen-
ing Project, which showed prima-
rily nutritional benefits from
early diagnosis.31,32 Potential
benefits from NBS for CF, or
for other disorders, however,
may be indirect or not purely
medical.6,33 Other potential
benefits of screening that deserve

consideration include informing
parental reproductive decisions,
decreasing costs and anxiety by
streamlining the diagnostic pro-
cess for an ill infant,22 identifying
potential subjects for clinical tri-
als for new interventions, and
offering new interventions to
asymptomatic patients.

Screening by DNA mutation
analysis for CF and other disor-
ders also reveals unaffected ge-
netic carriers who are at risk of
having children with CF if they
pair with another carrier. Al-
though carrier reporting is appro-
priately less urgent, some state
programs do not even report the
identification of carriers detected
through NBS. Programs must re-
sponsibly convey the genetic in-
formation derived from screen-
ing, including carrier
identification,30,34,35 so that the
implications of this information
can be responsibly communi-
cated by the medical providers to
the parents of these children.

THE FUTURE

Newborn genetic screening
has been a remarkable achieve-
ment for public health, providing
populationwide detection of dis-
orders that leads to improved
clinical outcomes. Advances in
medical genetics and testing
technology permit the diagnosis
of ever more diseases but also
compel society to reconsider how
NBS as a public health measure
may best serve children, their
families, and their communities.
Powerful multiplex test technolo-
gies can identify children with
anomalies that may—or may
not—lead to disease. They can
also find children for whom no
treatment is yet available. Weigh-
ing the costs, risks, and benefits
of screening in such cases is com-
plex and will require considera-

tion of the full range of costs and
potential nonmedical benefits.33

New knowledge and NBS
technologies raise additional
challenges. For example, some
experts advocate NBS for severe
combined immunodeficiency, a
uniformly fatal disorder if un-
treated and for which early diag-
nosis can lead to lifesaving bone
marrow transplantation ther-
apy.36 However, such treatments
may not be within the moral
compass of public health, as they
are associated with risks of mor-
bidity and mortality, expensive,
and not universally available to
all affected infants. Similar con-
siderations arise with lysosomal
storage disorders.37 Policy deci-
sions will become increasingly
complex and controversial re-
garding the use of NBS, under-
stood as a public health measure
to identify newborns with treat-
able diseases, when it is ex-
tended to include detecting
genes with incomplete pene-
trance, genes for a given disease
that only partially predict that
disease, and disorders that can-
not be successfully treated or for
which treatment is available only
to some newborns so identified.

In addition to the traditional
single-gene disorders, conditions
affected by multiple genes and
gene–environment interactions
raise additional possibilities for
incorporating new disorders into
NBS programs. Indeed, NBS for
common complex diseases,38

such as asthma, is under consid-
eration,39 with pilot screening for
genetic susceptibility to dia-
betes40 already under way for
early institution of prevention
strategies for those at risk. These
trends will likely push NBS pro-
grams and society to discuss the
implications of revealing disease
susceptibility rather than making
a specific diagnosis in the first

months of life.41 Some commen-
tators have gone as far as to sug-
gest a broad analysis of individ-
ual genomic variation from a
NBS sample.42

NBS requires more resources
to take advantage of current and
future opportunities and chal-
lenges, including the creation of
national consensus guidelines for
screening and follow-up to estab-
lish universal minimal screening
standards for the United States.
Proposals to improve NBS, such
as proposed test standards11 and
key recommendations on NBS
made by the American Academy
of Pediatrics6 and the American
College of Medical Genetics, 8

are already sparking broad de-
bate within the world of public
health. These national efforts re-
quire sufficient support from the
federal health system for transla-
tion to state programs and should
result in identifying and stan-
dardizing best screening policies
and practices across the United
States; providing adequate re-
sources for programs to incorpo-
rate long-term specialty treat-
ment, genetic counseling and
referral, and educational out-
reach to consumers and health
providers; and increasing re-
search capacity for well-designed
prospective studies on the predic-
tive value and clinical effective-
ness of expanded screening and
treatment.

As a public health program,
NBS has done enormous good.
New technologies and new forces
are pushing NBS into unfamiliar
territory, to which NBS must ac-
tively react to set its course for a
sound future.
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